Introduction
Haemodynamically unstable pelvic fractures are one of the most challenging groups of patients for trauma surgeons. They usually result in high morbidity and mortality. Open fractures are even less common (around 2e4% of all pelvic fractures) and carry even higher mortality rates (up to 50%). These patients usually also suffer from concomitant injuries of other limbs and organs. 1, 2 The pelvic fracture itself leads to significant haemorrhage from bone, venous and arterial sources. Open fracture further complicates the situation with internal organ injuries and wound sepsis. Thus, a quick, direct and efficient management protocol is necessary for treatment of these high-risk patients.
Our centre is one of the major trauma centres in Hong Kong. Each year we receive up to 750 trauma patients, among which around 350 patients requires the multidisciplinary polytrauma activation. Most of them are victims of severe road traffic accidents, fall from height injuries and severe machinery injuries. Management of these patients is very challenging and requires a quick response. Our centre has started to develop a "3-in-1" pelvic damage control protocol, in collaboration with the Department of Surgery, Department of Diagnostic and Intervention Radiology, Department of Accident and Emergency, Department of Anesthesiology and the Intensive Care Unit, since 2008.
Patients and methods
Patients with open fracture pelvis, admitted from January 2011 to December 2016, treated with our hospital's "3-in-1" pelvic damage control protocol were retrospectively reviewed. Their demographics, associated injuries, Injury Severity Score, mortality and outcomes were measured.
All of the above patients were admitted through our hospital's Accident and Emergency Department. Based on the mechanism of injury and patient's vital signs, trauma activation was decided on arrival. Active resuscitation, intubation and neck collar application will immediately commence. Orthopaedic surgeons, general surgeons and anaesthetists would assess the patient in the resuscitation room. The patient will receive 2L of crystalloids if systolic blood pressure was below 90 mmHg. Pelvic binders will be applied in any suspected cases even before imaging. Urgent cervical spine, chest and pelvic X-rays will be taken immediately. Focused assessment with sonography for trauma will be performed. Urgent computed tomography of the brain, chest, abdomen and pelvis will be done for patients who are temporary stabilised. For unstable patients, they will be sent directly to the operation theatre for "3-in-1" pelvic damage control protocol before computed tomography scan.
According the "3-in-1" pelvic damage control protocol, a series of immediate management would be proceeded according to a standardised protocol to achieve timely haemorrhagic control and wound decontamination. First, external fixators, anterior frame ± C-clamps, would be applied to the pelvis by orthopaedic surgeons, to provide temporary skeletal stability to reduce bone bleeding and reduce the pelvic volume. Second, retroperitoneal pelvic packing would be performed by general surgeon, to reduce amount of venous blood loss by tamponade effect. Urinary diversion by suprapubic catherisation will be performed at the same approach if urethral injury is suspected. If intraabdominal injuries were involved as shown by a grossly positive focused assessment with sonography for trauma scan, laparotomy will proceed before pelvis with the pelvic binder kept in situ. Otherwise, the pelvic injuries will take the priority. Third, on-table angiography will then be performed by intervention radiologists to rule out active bleeding of arteries, and embolisation will be performed if necessary. Finally, orthopaedic surgeons will come in again for lavage of pelvic wound, temporary stabilisation and wound management of any other concomitant injuries of the four limbs. The patient will then be transferred to the intensive care unit for further stabilisation to prevent the lethal triad of polytrauma. Second look of pelvic wound, early faecal diversion and staged skeletal definitive fixations will then be performed as indicated in the following days during the window of opportunities for polytrauma patient.
A flowchart of our hospital's "3-in-1" pelvic damage control protocol is listed as below.
Results
A total of 12 consecutive patients with open fracture of pelvis were admitted from 2011 to 2016, all of whom were treated according to the 3-in-1 pelvic damage control protocol. The details of these 12 patients are specified in Table 1 . They are listed chronologically according to their date of admission. Table 2 includes the injury details of these patients.
Seventy-five percent (n ¼ 9) of the patients were successfully resuscitated and survived under the "3-in-1" pelvic damage control protocol and discharged from hospital after definitive management. The male-to-female ratio was 1:2. Their mean age was 39 years, ranging from 6e68 years. All of these patients also suffered from concomitant injuries of other organs. Fifty percent of the patients (n ¼ 6) were victims of motor vehicle accidents, 25% (n ¼ 3) of them fell from height and 25% (n ¼ 3) of them were hit by heavy machinery. Five patients suffered from classification Tile's B pelvic fractures, and all others suffered from Tile's C fractures. Nine patients suffered from Gustilo III open wounds, whereas the remaining 3 suffered from Gustilo II open wounds. The mean Injury Severity Score was 46.25 (range 26e66, Standard Deviation 13.61). For patients who survived, a mean number of 4.7 further operations for debridement of their wounds were performed.
Discussion
The survival rate in this study is 75%, which is much higher than other studies currently available. Although, the occurrence of open fracture of the pelvis is not common, we strongly believe the application of "3-in-1" pelvic damage control protocol does play an important role.
Haemodynamically unstable pelvic fractures are difficult to manage because they are usually caused by high energy traumas, which are always associated with other organ injuries. 3 Open fractures are even more difficult because wounds are badly contaminated and control of infection is another major problem to tackle. 4 As shown from this study, almost all patients suffer from other injuries that are potentially life-threatening. This shows that a rapid response protocol is necessary for these situations (see Figures 1 and 2 According to Jones' analysis, they had a total mortality rate of 26%. Whereas, Class 2 and Class 3 open fractures of pelvis had mortality rates of 33% and 44%, respectively. As for our study, we had a similar mortality rate of 25%. As for Class 2 and Class 3 fractures, we had mortality rates of 50% and 12.5%, respectively. Faecal diversion was not performed on any Class 2 patients, and 75% of Class 3 patients had faecal diversion operation. Despite a higher mortality rate for Class 2 patients, Class 3 patients actually had much improved survival compared to Jones AL's analysis. We believe this is because of the effectiveness of our "3-in-1" pelvic damage control protocol and the promptness of our surgical colleagues in performing faecal diversion. It provided our patient with quick and early temporary stabilisation and reduced the risk of future wound contamination, which may lead to severe sepsis.
Faringer 6 also classified open pelvic fractures according to their locations in 1994. He classified them into three zones as shown in Figure 3 . Zone 1 referred to wounds involving the inguinal creases to groin crease to the sacrum. Zone 2 referred to the anterior, medial and posterior thighs. Whereas, Zone 3 referred to wounds over the posterolateral buttock, inferior to the iliac crest. Faringer believed that Zone 1 injuries should have faecal diversion performed to all patients. Whereas, Zone 2 patients required selective faecal diversion, and Zone 3 patients rarely. We also classified our patients accordingly:
Zone 2 and Zone 3 patients did not receive any faecal diversion. Whereas, faecal diversion was performed on 60% of our Zone 1 patients. Within those Zone 1 patients, in whom faecal diversion was not performed, all of them still managed to survive. From our results, patients without faecal diversion did not necessarily mean worse wound conditions requiring further debridement operations. Therefore, we believe the Faringer classification that acts as a guideline for whether to perform faecal diversion, but the necessity of a faecal diversion operation should also be based on the type and severity of wound and the on-table assessment by an experienced surgeon.
In our study, the mortality rate for open pelvic fractures is 25%. In comparison to the study previously published by our centre 7 in Figure 1 . Placement of anterior frame and C-clamp. (A) AP X-ray of pelvis with external fixator and C-clamp applied; (B) intra-operative photo of external fixation and C-clamp and early faecal diversion. The theory of the "3-in-1" pelvic damage control protocol is based on past experience 7, 8 and review of different studies. [9] [10] [11] [12] [13] [14] Studies have shown the sources of haemorrhage of a fractured pelvis are mainly from three origins: (1) venous, (2) arterial and (3) fracture, and the "3-in-1" method deals with the three different sources of bleeding by three different surgical interventions at one order, one session, one theatre, one supine position within the golden 1 hour. 15 The pelvic external fixators increase the fracture area contact and reduce the volume of the pelvis and reduces the chance for dislodgement of blood clots, in turn limit the amount of fracture and venous bleeding; whereas, retroperitoneal pelvic packing provides compression to reduce the amount of venous and small arterioles blood loss by tamponade effect 16, 17 ; finally, intraoperative arteriogram and embolisation deals with active arterial bleeders with contrast extravasation [18] [19] [20] [21] . Therefore, this concept requires multidisciplinary, efficient cooperation and response from doctors from Accident and Emergency Department, orthopaedics, surgery, intervention radiology, anaesthetist, the operation theatre personnel, and nursing staff. Without either one, this concept will not be effective.
In our centre, the current survival of the exsanguinating pelvic fracture as a whole is higher than 70%, 22 transamin protocol, 23 early faecal diversion, suprapubic catheterisation, advances in intensive care, early definitive fixation of skeletal injuries, etc. also play the important role for the improved survival and outcome.
Conclusion
Haemodynamically unstable open fracture of the pelvis is associated with injuries of other major organs. The "3-in-1" pelvic damage control protocol provides an efficient and effective protocol for management of these patients and in turn, improves the survival of these patients.
